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SUMMARY 

Several  codiguretions of e 45O swept-wing fighter-airplane  force 
model vere  investigated  in the Langley 16-foot  trmsonic tur-ne1 at l m ~  
l i f t s  betveen Mach numbers of 0.80 and 1.10 t o  determine the ef fec ts  of’ 
modified zmlicat ions of the transonic and supersonic  area  rules on the 
transonic  drzg-rise  characteristics of the model. Fuselage  fndentations 
were limited so a s   t o  conpensate f o r  approximately 50 percent of the 
maxi~un cross-sectional  area of the wing, md cusps were eliminated from 
the  remeining  ares-develovnt  contour by adding  fuselage  voluue, i n  
order t o  mintain  practical   aimlane  fuselage  contours and capacities. 
Ln addition t b  data showing the effects  of sfuselage revision on drag, 
the Hft and pitching-mment  characteristics of a l l  configurations  tested 
are presented. 

Revisions t o  the longitudinzl  are= development of the model t o  
conpensate f o r  o ~ l y  a   por t im of the wing cross-sectional  areas, and 
removal of cusps i n   t he  area-development c o ~ t o u r s  besed on transonic- 
area-rule  considerations,  resulted  in e. reduction i n  the transonic-, 
min7in-m-drag-coefficient rise of the order of 57 percent   a t  a Mmh nun- 
ber of 1.0 and 3l percent a t  a Mach number of 1-07. 4 

A t  a Yich number  of 1.0, silniler p a r t i a l  rfuselage revisions  based 
on the supersonic-area-rule  concepts  for a Mach number of 1.2 produced 
drag-rise  reductions  essentially  the same es those obtained from the 
transonic-area-rule m o d e l .  Theoretical  zero-lift  drag-rise estinates 
fo r   a l l   t h ree   conf igu r~ t ions  agreed w i t h  exgerimental  values  well  within 
the accuracy  limitations of the method. 

In general,  applications of the  trmsonic aad supersonic area rules 
produced a slight increase  in  lift-curve  slope and more positive  pitching- 
mment coefficients  throughout the bhch  nmiber range, and also slightly 
reduced the s t a b i l i t y  between l i f t  coefficients of -0.15 and 0.15 at  
Mach nmbers from 0.93 t o  1.00. 
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Faelage indentations  designed t o  modify longitudinal  cross- 
sectional-mea  distributions of models i n  conformance w i t h  the transonic 
area  rule of reference 1 have proven effective  in  reducing the zero- 
l i f t  drag rise. The adaptation of such  drag-reducing  indentations t o  
practical  military  aircraft  configurations  generally  involves a con- 
sider&ble’comproaise with ideal considerations  because of space limi- 
tations and a i r c ra f t  requirements  other  than high cruising Vach numbers. 
Some recent work has been done i n  an attempt t o  achieve a more pract ical  
mans of applying the area r-de. Reference 2 investigated a swept wing- 
body research m o d e l  which incorporated  asymmetrical body indentation6 
tha t  compensated fo r  only 50 percent of the normal cross-sectional  areas 
of the w5ng. In that case  the  drag-rise  reduction was somewhat greater 
than 50 percent of that realized by compensating for the complete cross- 
sectional area of the wing. Also, a second  procedure for   9ract ical  
application of the area rule w a s  devised  theoretically  in  reference 3 
and verified  experimentally  in  references 4 and 5 .  That is, adding 
fuselage volume t o  remove reversals  in  longitulinal area-developnent 
contours w i l l  reduce the transonic  drag rise of a model. 

In addition  to  the  trmsonic area rule,  a more recent  supersonic 
mea rule  has been  develaped  (ref‘s. 6 and 7) which associates  the  super- 
sonic wave drag, or pressure  drag, of the configuration w i t h  i ts  longi- 
tudinal area distribution. The body modifications  for  drag  reduction 
may be  designed fo r  optimum r e s u l t s   a t  one sgecific  supersonic Mach 
number w i t h  this method. 

In the present  investigation  several  coLFigwations of a swept- 
wing fighter-airplane model were tested t o  determine  the  effects of 
incorporating modified versions of the transonic and sugersonic area 
rules OE the transonic  drag-rise  characteristics of the model over the 
 la^ l i f t  range. Approximately 50 percent of the maximum cross-sectional 
areas of the wing as determined for  both  area  rules  (supersonic  area a t  
a Mach number of 1.2) was comgensated for  by fuselzge  indentation, and the 
rermining  area-develqment-contour  cusps were elimineted by adding  fuse- 
lage volume. Theoretical  estimates of the zero-lif t  drag rise of the 
basic ard two revised  configurations have been  determined f o r  a low 
supersonic Mach  number by the linearized-flow method presented In  refer- 
ence 3, and are included fo r  comparison with the experimental  values. 
Resdts obtained from tests of the basic fuselage and the fuselage with 
empem-age are also included. 

. , 

.- - ” - <  
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smo-is 

cross-sectional m e a  

mean aerodynamic  chord 

lift  coefficient, - Lift 
ss 

dreg coefficient, - Drag 
ss 

minimu drag coefficient, “himum drag 
a_s 

ninimuu-dreg-coefficient rise, PknX, >o. a5 

pitching-moment  coefficient, Pitching mament about O.35E 
qse 

lif  t-drag ratio 

fuselage or body length 

Mach nmber 

base pressure coefficient, ’B - 
Q 

base static pressure 

free-strean static pressure 

free-stream  dynamic pressure 

Reynolds number 

wing m e a  

local fuselage  or body station 

angle of attack,  de@; 
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Subscripts: 

av 

min 

nax 

r o l l  angle of Mach planes  relative  to model axis system, 
deg 

average 

minimum 

maximum 

ADPARATUS AND METHODS 

Tunnel and Models 

D-e investigation was conducted i n  the Langley l6-foot  transonic 
tunnel, for  which the air-flm and  power characterist ics are presented 
i n  reference 8. The basic model used was a sting-mounted fighter- 
airplane  configuration. The wing had a 45O sweepback angle  along the 
0.25-chord l ine,  a taper   ra t io  of 0.3, an aspect   ra t io  of 3.56, and 
NACA 6b.(06)AO07 airfoil   sections  in  planes parallel to  the  plane of 
symmetry. The horizontal and v e r t i c a l   t a i l s  had essentially  the same 
geometry as the wing. Figure 1 presents a three-view  sketch of the 
basic m o d e l  aad i ts  fuselage  revisions. Photographs of the basic m o d e l  
and the model with the transonic-area-rule  modifications are presented 
as figure 2. A table of the model dimensional de ta i l s  is given i n  
reference 9 .  The basic model was of all-metal  construction w i t h  the 
exception of the wooden canopy, t a i l  f i l l e t ,  fa i red nose section, and 
wing leading-edge segments t o  the 0.20-chord l ine.  Zach of the two 
revised-area-distribution  fuselages vas of all-wood construction. All 
tests vere made with  the  fusehge and csnopy as  an  integral   unit  and 
subsequent  reference t o  the fuselage  should be understood t o  include 
the canopy. For the tests of the two incomplete  configurations,  flush 
lnrooden fair ings were used t o  complete the model contours. A horizontal- 
t a i l   s e t t i n g  of 0' w a s  used f o r   a l l  tests of configurations w i t h  
empennage. 

Design of Fuselage  Revisions 

Transonic-area-rule  configuration.- The transonic area rule  was 
applied to the fuselage as follows: The normal cross-sectional-area 
distributions of the several components (wing, fuselage, canopy, and 
empennage) of the  basic  configuration were obtained and totaled to 
determine  the  equivalent-body area development (see f ig .  3( a) ) . A t  the 
longitudinal  station of maximum cross-sectional  area, 50 percent of the 



local  cross-sectional  area of the  Xing  was  subtracted  from  the  cross- 
sectionel  area  of  the  equivalent  body.  Curves  were  then dra-m fore  and 
aTt  of  this  soint,  tangent to the total-cross-sectional-&rea  curves, so 
that  the  new  area  distribution assumd E. relatively  smooth  contour. 
This  contour xes adapted  to  the  model  fuselage  by  asymuetrical  cross- 
sectiond-area  indentations  and/or  additiom.  The  resultant  indentations 
were  inteEded  to  be  within  practical  full-scale  airplane  limitations  in 
both  size  and  distribution. Figure I presents a tmical revised  cross 
section  as  related to the  cross  sectior-  of the basic  model.  The  revised 
fuselage  contours  in  the  side  end  plen  views  are  also  shown.  The 
revisior-s  increased  the  equivalent-body  fineness  ratio of the  complete 
mdel fro= 7.0 to 7.6 .  m e  ectuel final  revised-fuselage  design  ir?tro- 
duced sliat irregularities  into  the  area  distribution  (see  fig.  3(a) 
at x/2 = 0.45). These  irregularities  were  cslised  by slight errors  in 
detemLning  the mea increroents  and  decrements. This revised  fuselage 
designed  in  accordance  with  transonic-=ea-rule  consideretions  will  be 
referred to as  tine M = 1.0 fuselage. 

Supersonic-area-rule  configuration.-  The  design of the  supersonic- 
area-rule  fuselage  for e Mach  number of 1.2 followed  tie  assumptions 
end  procedures of reference 7. That is,  the  male1  was assmml to  be 
symmetrical  about  the  horizontal  aad  vertical  planes, and the  cross- 

to  the  stream  at  the  proper mgle were  obtained  for  the  node1 et only 
three  roll anqgles ( 8  = Oo, 450, and 900). The  asymnetry of the  vertical 

were  used  to  approximate  %he  supersonic  equivelent-body-area  development. 
A mean curve of the  individual  cross-sectional-area  distributions of the 
wing was deterlnined  by  algebraic  averaging; the 45O roll-angle  areas  were 
given  twice  as  mzch  veight  as  %he Oo ard goo areas,  which  were  weighted 
equally. This mean  xeigh'ed  curve  was  used  to  define the supersonic 
equivalent-body mea development.  Figure  3(b)  presects  curves  for  the 
individual  wing  cross-sectional  areas and weighted mean area  superim- 
posed 011 the  carve for the M = 1.0 f'uselage  with  empermage.  The  addi- 
tional  revisions made to the M = 1.0 fuselage  were  determined  by  selecting 
a maximu-total-area  point tht maintained  the  fineness  ratio of the 
M = 1.0 configuration (7.6) snd refairing  the are& contours  fore end dt. 
Tie  meximum  indentetions  required,  with  respect  to  the  basic  fuselage, 
were  approximately 50 percent of the  nexinun  weighted me= area. Fig- 
ure 3(c)  presents  the  individual  cross-sectional-area  distributions  of 
the  wing  end  the  weighted-mean-area  curve  superimposed on the M = 1.2 
fuselage  with  empennage.  Figure  3(d)  presents a conzpazison of the  area 
distributions of tbe M = 1.0 and M = 1.2 configurations  as  "seen"  by 
the  air  stream  at a Yich  number of 1.0. Eereindter,  the fusekge es 
revised in accordance  with  susersonic-area-rule  considerations will be 
referred  to  as  the M = 1.2 Fuselage. 

- sectionel-area  distributions  intersected  by  parallel  Mach plmes inclined 

- tail  was  neglected,  since  the  oblique  sectional  areas of the  wing  only 
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InstrxmntatFon 

A six-coxqonent internal  strair--gage  balance w a s  used t o  obtair. 
the force md moment data  presented. The read.iFss of tkree  static- 
pressure  tubes equally spaced a t  annular  positior-s  about  the base of 
the mcdel rere averaged t o  obtain  the base pressure  informatior.. 

Tests 

Five model confignations were tested;  the  basic, El = 1.0 and 
M = 1.2 coxplete  configwations,  the  basic  fuselage r&th empennage, 
and the  basic  fuselage. The test  angle of' attack  rarged from -2.30 -Lo 
5.0° and the Vach  number from 0.60 t o  1.10, each  configmation  being 
tested  tlzoagh all ,  or the major portioc, of tkese  ranges. The Reyr-olds 
nuTber, based on the  cean  ving  &erodynaxic  chord,  ranged fron 6.46 x lob 
t o  7.38 x 10 and is presented as a f-mction of Mach  number in   f igure 4. 

c 
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Corrections end Accuracies 

Base-pressxre  adjustments heve  been made t o  Tie r..odel chord-force 
values by correcticg  the base pressures  to free-strearr static  conditions. 
Tne base  pressure  coefficients are presented as a  function of Mach ??u?1- 

ber in   f igure 5 .  Other possible  sting-interference  effects on the forces 
and ncnelzts of the  three  ccnplete  configurations ere assumed t o  be mini- 
mized in  the  presented comparisons. 

Above a Mach nunber of aFproximately 1.02, tunnel boundazy dis- 
turbances  are known t o  have significantly  affected the m o d e l  drag data 
(see  refs.  10 and 11) . Therefore,  the sumrmry drag  results have been 
adjusted i n  this Mach  number range. Fne adjusting  increments i n  drag 
coefficient were estimated from references 10 and 11 and rocket-test 
results  presented Tn reference I 2  for  a configuration  almost  identical 
t o  the  present  basic model. The adjustments in  drag  coefficient  varied 
fron 0.000 t o  0.003. 

The absolute  accuracy of the l i f t ,  drag, and pitching-morent  coef- 
f lc ien ts  as messured is  estimated t o  be fO.O1, f0.0015, md f0.002, 
respectively. The incremental  drag  coefficients are e s t i m t e d   t o  be 
acc-aate %o 20.901. The average free-stream Mach cumber is accurate 
to tO.OO5 a1i the ar-gle of attack i s  estimated t o  be accurate  within 
i o .  10. 

. 
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!Phe l i f t ,  drag, and pitching-nomer-t coefficients of the wing-off 

configurations are presented as functions of angle of attack at the 
several   tes t  "ach numbers in   f igure 6. figure 7 presents  the lift, drag, 
end pitching-mwnt  Characteristics of the  three complete codigurations 
for  the  several test Mach numbers. 

Uft  and Pitching-Moment Characteristics 

I i f t . -  The e f fec t  on the l i f t  chmacter is t ics  of applying L&e 
transonic- and supersonic-area-rule  concepts t o  the test configuration 
was small. This small ezfect is evident   in  the sU&t increase  in lift- 
curve  slope shown in  f igure  7(a).  

- 

Pitching momnt.- The s tab i l i ty   charac te r i s t ics  sho-wn in  figure  7(c) 
indicate  that,  in  general, the fuselage  revisiom produced more positive 
pitching-moment coefficients  than  the  basic  configuration throughou-l the 
t e s t  Yich number rezge, a-d also  decreased  the  stability f o r  l i f t  coef- 
f ic ien ts  between -0.15 and 0.15 a t  Mach ouulbers fram 0.93 t o  1.00. 

Drag Characteristics 

Variation w i t h  Mach number.- The variation of minimum drag  coef- 
f ic fen t  w i t h  Yach nmber for  a l l  codigurations is presented  in  figure 8. 
Variet iom at  the constant l i f t  coefficients of 0.2 end 0.35 are included 
f o r  the  three complete configurations  only. The symbols which appeaz i n  
figure 8 a t  Mach numbers  of 1.02 and up represent  the  cross-faireci V a l -  
ues obtained frm the drag pohrs ,  and the fzired  curves  in that rmge 
include the previously mentioned drag  adjustments t o  the test resul ts .  
For the minimum-drag case, the sllght differences  in  the lcrirer subsonic 
drag levels of the three complete configmatiom ma.y hve   r e su l t ed  from 
cbmges i n  the m o d e l  surface roughness (see ref. 13) and effects  of the 
body co-n-tours on the boundary layer. As previously stated, most of the 
basic  fuselage was fabriceted of metal, whereas the two  modified  fuse- 
lages were a l l  wood. 

Also shovx in  the minimun-drag-coefficient curves is  a drag-rise 
reversal   for the coniplete M = 1.0 configuration between Mach numbers 
02 0.95 end 0.97. Although the unavzilability of pressure-loads  data 
o r  supplenentary component-force data  during  these  tests  prevents m y  
thoro-@ analysis of this condition, It should be  noted tba t  siniler 
reversals  for area-rule-model tests h&ve  been noted  previously. (See, 
f o r  example, ref. 14.) 
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It n&y be  noted from the drag  coefficients  presented  for  the com- 

plete  configurations  in figure 8 that the  reduction  in  drag rise obtained 
fo r  minimum-drag coefficients was maintained a t  lift coefficients up 
t o  0.35. 

14tnimum-drzg-coefficient rise.- The variation of Mhin with Mech 
nmber  for a l l  f ive  of the test configurations is  presented in   f igure 9. 
The drag  coefficients at a Mach  number of 0.85 have  been selected as 
regresentative of the subsonic  drag  level of the  various  configurations. 
The partial  transcnic-area-rule  modifications  resulted  in e reduction 
of rrrinimm-drag-coefficient r i s e  of 57 percent a t  a Yach  number of 1.0 
and 31 percent a t  a Mach  number of 1.07 as compared w i t h  the values f o r  
the basic model. If %?e AC curve of the basic  fuselage  alone is  

considered t o  be the lowest  level  obtainable by ideal conformance t o  
the  area  rule,  then the revisions have produced 67 percent of the maxi- 
mum possible  reduction .?.t a MRch number  of 1.0. It is t o  be recalled 
that the M = 1.0 configuration was constructed by indenting the fuselage 
at the longitudinal  station of maximum cross-sectioral area of the 
equivalent body by an amom-t equel   to  only 50 percent of the wing cross- 
sectional  area, end then  adding mea  fore and a f t  of t b !  result ing 
indentation t o  renove  cusps i n  the contour and form a smooth equivalent 
body. By sixilar considerations, A C k n  at a Mach  number of 1.07 has 
been  reduced by 54 percent. ,Further reduction at these Mch numbers 
night be achieved by conforming the  equivalent-body mea development 
t o  a =ore o p t i m u x  shape,  such as the theoretical  Sears-Haack body. 

%in 

The area-distribution comparisons of figure 3(d) indicate t5at the 
revision of tne M = 1.0 m o d e l  t o  the supersonic-area-rule  configuration 
m i & %  have some small adverse  effect on the M = 1.0 model drag-rise 
characterist ics a t  a h c h  n-aiber of 1.0. Tfie resu l t s   in   f igure  9 indi- 
cate that, at K = 1.0, the  reduction i n  X u n  from the velue  for 
the  basic nodel has decreased from 57 percent for the M = 1.0 m o d e l  t o  
50 percent for the M = 1.2 model. A t  R Mach  number of 1.07, a re la t ive ly  
larger  decrease (from 31 t o  21 percent)  occurs. E" some significant; 
reduction of the supersonic  drag,  as  theoretically  predicted  for axi- 
symr;etric configurations in  reference 3, can be assumed t o  occur a t  the 
desigr? Mach  number i n  the case of the M = 1.2 configmation,  then the 
small adverse  drag  effects  encountered  in the immediate transonic  range 
are of secondary  ixportance. 

In figure 9, the minimum-drag-coefficient rise for  the basic  fuse- 
lage with empennage is  almost ident ical   to  that for  the two revised 
complete configuratfons a t  a Mach  number of 1.0. There has been some 
recent   interest   in  the possibil i ty of obtaining a correlation between 
the fineness  ratio of the  equivalent body and i ts  incremental drag-rise 
coefficient.  Since  the  equivalent-body  fineness  ratio  for  the  basic 

' 
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fusekge w i t h  empennage i s  cozsiiierably  larger  than' that fo r  the coxplete 
revised  coxtfigurations (see f igs .  3(&) and 3(d)), such a correlation  for 
the present tests would seem doubtful &t a Mach number of 1.0. 

Theoretical estimates of zero-lift  drag rise.- As prevrously E n -  
tioned. a linearized-flow method is  available  for estipratiw the  zero- 
l i f t  drag-rise  chzracteristics of a configuration  (ref. 3 ) .  The zero- 
l i f t  drag-coefficient rise for each of the three complete configurations 
hes been estinated a t  a h c h  nlmber of 1-07. At this bkch number the 
limitations of tkre reference  theory axe approaching a minimum and the 
adjustments  that must be lnaae t o  the experinental dreg date are apgroxi- 
mateiy zero (see f ig .  8) . The values we presented as individual data 
points  with synbols i n   f i ga re  9, and indicate that the experiEnta.1 
values at a Mzch  number of 1.07 do not  vary from the theore t ica l   es t i -  
mates f o r  a Kach nunber  of 1.07 by more  -than 15 percent  for any of the 
tkree  configzations. mis is w e l l  within  the  f20-percent  accuracy 
e s t imted   fo r  this nethcd i n  its original  presentation. !The use of 
experirental  values of zero-lift  dzag-coefficient rise insteed of the 
preseoted  minimum-drag-coefficient rise would not  chvlge this corrqarison 
by nore  than 1 percent  (see  fig. 7(b) at  M = 1.06 end 1.08). 

- 

ILft-Lrae; rat ios .  - The variation  with Yech  number of' the l if t-drag 

stmt lift coefficient of 0.35 in   f igure 10. The more desirable veria- 
t i on  of Kne maximm values of the  l i f t -drag  ra t ios  was unavaile'ble 

ever, the maxinurn vdues   fo r  the basic configuration up t o  a I%ch number 
of 0.95 are presented in   t he  figure es data  points, to demonstrate tha t  
the ratios  presented  closely zpproach the maximum values. The high val- 
ues fo r  a l l  three  corfigurations  in tile lover subsoni'c Mach  number range 
are attributed t o  l o w  mhinua drags. A .  anticipated,  the two revised 
configuretioris show a n  appreciable  increase i n   p e r f o m - c e ,  as compared 
w i t h  the besic m o d e l ,  at Vach n-mhers ebove M = 0.90. No apgreciable 
d i f f e rexe   i n   t he   l i f t -d rag   r z t io s  i s  indfczted between the M = 1.0 and 
M = 1.2 models tlrroughout the  transonic  range. 

- ra t ios  f o r  the  three  comslete  configurations is presented a t  the con- 

- above a Kach  niLmber of 0.95 without  extrepolating  the  drag  polars. Row- 

An imrestigation a t  t rmsonic  speeds of the  effect  of two types 
of area-rule  fuselage  revisions on the drag-rlse  characteristics of a 
swept-wing fighter eirplane has led t o  the follcrvdng results: 

1. Asymmetrical fwehge   rev is ions  mzde t o  cowensate fo r  o ~ l y  a 
portion of the  cross-sectionel areas coctributed by the wing and  removal 
of cusps i n  the model area-developnent  cor?tours based on transon: 7 c-mea- 
r d e  considerations led t o  a reduction in   t ransonlc  minimun-drag- 
coefficient rise or" the order of 57 percefit a t  a Mach  number of 1.0 ax6 
31 percent at a hfach  num-ber of 1.07. 
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2. Similzr aspmtric fuselage  revFsions  based  on  supersonic-area- 
rule cmcepts at a Mach  number of 1.2 led to a reduction  in  ainimum-drag- 
coefficient  rise  at a hch number  of 1.0 essentially  the  same  as  that 
which  resulted  from  the  revisions  designed  specifically  for a Mack?  num- 
ber  of 1.0. 

3 .  m-eoretical  zero-lift  drag-rise  estimates  calculated  for  the 
basic and two revised  configurations  by a linearized-flow method varied 
frm the  experimental  values  by a percentage  somewhat  less  than  the 
estimted  limitations  of  that  method. 

4. In general,  applications of the  transonic  and  supersonic  area 
rules  produced a slight  increase  in  lift-curve  slope  and  more  positive 
pitching-moment  coefficients through the Mach number  range,  and also 
slightly  redaced  the  stability  between  lift  coefficients  of -0.15 
and 0.15 at  %ch  numbers  from 0.93 to 1.00. 

"gley Aeronautical  hboretory, 
National  Advisory Camittee  for  Aeronautics, 

Langley  Field,  Va., ,Yay 4, 1955. 
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Figure 1.- Three-view drawing of the conplete  configurations. A l l  
dimensions are in inches. 
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(a) Complete basic conPigura'tion. 

Figure 2.- Photographs of the models. 
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(b) Complete M 5: 1.0 configuration. 

Figure 2.- Concluded. 
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(a) Basic and M = 1.0 configurations. 

Figure 3.- M e 1  cross-,sectional-area distributions. 
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Model axial station, X / Z  

(b) Individual wing cross-sectional areas and weighted mm area at 
M = 1.2 imposed on M = 1.0 fuselage with empennage. 

Figure 3.- Continued. 



-0 .2 .3 .4 .5 .6 .7 B .9 I .o 
Model axial station, x / z  

(c)  Bdlvidual wing cross-sectional areas and weighted mean area at 
M = 1.2 imposed on M = 1.2 Fuselage with empennage. 

Figure 3.- Continued. 
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(a) Complete M = 1.0 ana complete M = 1.2 configureti.ons 
at sonic  velocity. 

Figure 3.- Concluded. 
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Figure k.- VaritdxLon with Mach number of Reynolds number based on mean 
erodynamic chord of 20.39 inches. 
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Figure 5.- Variation with Mech number 03 base pressure coefficient for  
the vmious configurations tested. 
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Figure 6. -  Variation with angle of attack of'  l i f t ,  dreg, and pitching- 
nomnt  coefficients at the various test Eaach nuqbers f o r  the besic 
fuselsge and besic fuselage with empennwe. 
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(a) Variation of CL with a. - 
Figure 7.- Basic e.erodynamic chmacter is t ics  of the complete configurations. 
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L :I cce'flc ent , CI LJ: coelf:clen:, CL 

(b) Variation of CD with CL. 

Figure 7.- Continued. 
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( c )  Variation of C, w i t h  CL. 

Figure 7.- Concluded. 
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Figure 8.- Effect of Mach  number  on  minFmum drag coefficient and on drag 
coefficients at CL = 0.2 and 0.35. Synibols indicate basic d&a. 
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Figure 9.- Effect of Mach n W e r  on minimum-drag-coefficient  rise. 
Symbols indicate values estimated  theoretically by the  method 
of reference 3. 
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Figure 10.- Effect of Mach n-er on lift-drag ra t ios  of the three 
complete configurations. 
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